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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PURPOSE: To provide a nonaqueous electrolyte secondary battery excellent in energy density, 
cycle characteristic and reliability by composing a carbon material used as a negative electrode 
for the nonaqueous electrolyte secondary battery, of a coexistent body including hardly and 
easily graphitized carbon materials and graphite. 

CONSTITUTION: A nonaqueous electrolyte secondary battery comprises a negative electrode 
having a carbon materials capable of doping or dedoping litium as a negative electrode material, 
a positive electrode having transition metal composite oxide including lithium as a positive 
electrode active material, and a nonaqueous electrolyte having an electrolyte dissolved in a 
nonaqueous solvent including carbon ethylene. A coexistent body of non-graphitized carbon 
material and graphite composed of at least either one of a hardly graphitized carbon material 
and an easily graphitized carbon material is used as the carbon material for the negative 
electrode material. Coal or pitch is used as a starting material for the easily graphitized carbon 
material. A furfuryl alcohol resin or the like is used as a starting material for the hardly 
graphitized carbon material. The graphite may be either natural graphite or artificial graphite. 
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B#. •(i5taffiffi^©^tffift*i|6i±L/, s«=><c';5=-t7A#)i 

i©Slt.*im6nS. 
[008 81 

[^te^si] JWT> *^0J©*»fl«]!^c*Ji«a]{coii-ciJiBj 
*^B^*sc©*JS{^!|K:i®S3ns4>©-cAj:i,ic 

[00 8 9] s^m. 

10 [0090] yc«c. tiT© J: ^ L/r^Nli9^l&* 1 
^Vmi^fc, H/CjlT-i:t*JO. 6-0. 8©SaK©5 

Igft^^bfc. coit^fiSsnfc^giiiBf*©^ 
^W^W15. 4lifi%-c*S. c©^S5IK^**l9S?i 

S5 0 0'CT?5^!g|ffiJ$bfc^, Sei lOO'CtCSff 

^ b . 1 ii#r^f^s*?f 5 c <t -cmm^immmm^ 

[ 0 0 9 1 ] « 1 tc±Mmm!h%A, immmm^^ i 
20 ©Sits. (002) mcDiwmm. ( o o 2 ) ^©cift 
:^i*o©i^^^Ji3;Ro«^i^SiS*7S-r. ^fc. 

^-i"P, (0 0 2)S©HraPi. (0 0 2)ffi©CW 
*i^o©ifeS^/?*Kl&*xailJ)T&5cJ:or*»/cfc© 

[0092] C©<fc ^ {£:Lrf^SI3nfciii&i9^A. 

t.*?4©^i$*P0Mbfc. ^L-r. C©^^i?tt:4:feSt* 
JaT©J: ^ tc L-C n -f >M©#7}<^fK-i^i 
30 nig!M©^N*^«i?fK-i>C^?fe*f'^U/c. 

[0093] ( 1 ) 3 >m¥7Hmmzi'.^mm<Di'fm 
^5tR*>j3 o'c/^. sijasseoo'c. «3f 

[0 0 9 4] C©J;^}CU-ril3^$n/c:Mfi65 ■:'i';^© 
40 ^-^3 7mg*N i j< yi'aitfcKiiiCMl 5. 5mm 

h*:ftes@<!;L/rJ!iiT©-<2^l'^fi£k:ilii5>jii?c=i-C> 
^©#N7kmwn;*cS?i!!;fe{lF SS b fc. 

•fe^Uim : a:S2 0 mm. Jit§2. 5 mm 
iEffi : L i ^ 

ti^fK: ECiDECdJl : 1 J5:SgtSJ:fcf iM-^SnT 
>:cStl-^;^JiCCL i P F. * 1 m o 1 / 1 ife-Sijggr^ 
50 PLfcfc© 
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[0 09 5] ( 2 ) nmmommmmn'Anmoim 

[0 0 9 6] S-r, Mmi=S:'AOJ:^ttCLri^mbfco 

(pvDF) 1 ommmim^i^rnm^m^mm 

[0 09 7] EM2^<X<D^^itCLX{'^mUfc. ^MV 

^^mutc^ ccDJ:5-tcbT*^$n/cL i CoO, 
Mcm^^tifcL i C0O2 Ot:--^i^<— ^Uri^ 

/Co ccDLicoo, ^m^Lx. so%mw&mi^^i 

BumCOL i CoO, i C o O, 10*9 

^**9iMagR. mm^trj::i>^'7':7r^y-8mm 

[0098] ciDjEm-^ip^^ v-^iEmmm,^ 1 0 <h 
mute. 

[0099] :Xi^x. m 1 (tc^rj: ^ (c^ttra® 1 . ^ 

^3. ^ttE@2. •b>^N*l^-t$7 3CDilBfCSJgUr*:»6^ 

[0 100] ciD^'^^ffCLxi'^mvfcw^mmmi^^. 
jemv- k 1 2^jEmmmwi ofp^ibmrnuxmrnmi 
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[0101] c<DWim^mmw:^^im^tifc'mmB(D 

tti(c. ^Mx^b>i^^^^x5^;i.^5i : 1 ;^d:-5>SaJ:l: 
ril^^n/ctl^^^ic. L i P F» ^ 1 m o 1 / 1 J^cC 

i>i^&xmm^tifcmmmmxbtc. :xi^x. m^m 

^^i^Xf)^{^^^Ctt^J^-:^Xm^h. a:@i8mm. 

10 /-Co 

C 0 1 0 2 ] iSt*. f-^iS^n/cr^ -/>^(D#^7jcm^?S- 

rxm^^c-ox^^x. mmm.'mt^x'^mi^^i^mc^ 

[0103] -r^tJi^. (raS-^iDyeF-^i^AOK- 
r?') ^)Vmfc^ 0 . 5 mAcD^^^-C 1 nwmM.^ 

i^±m^^i.^xmm^n^mmiit^ mm) 

mfi^&iS-'l 5mV (L i/L i ^ ) ^f3:^txmK>M 

[0 104] am (:ii®:^6cDy 5=-'i?A<z)J5^iK-:?*) 
•fe;ua/tOO. SmA^D^mSg-ClSS^a^^tfo 

5V(>ctj:^^xmr)Mrca^c^':>xn-:^ 
[0105] ^snx«. 36mmMM>&^6afcm^^^ 

•So 

[0106] ^mm^t. nmmmm^ 1 ers/ct3j^2 5 
0 m A h (om^m^^m Ltc^t <Dm^Tm(DmiiL t 

hxm\.>fc^mikm¥m.^mmm'm 1 (D^^nmmnt 
hxm\^>fcmmxmM^nfcmm-^A, ^^m^mmm 

[0107] 
40 1 ] 
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(nm) 


(nm) 






CmAh/fl) 


(mAh/g) 




0.336 


38.1 


2.29 


25.4 


320 






q,391 


1.0 


1.54 


21.9 


350 


150 



[0109] — RfS^CD^^7]<m^-iS->X^ffiCC{S. 
^^^^EE4. 2V. ACD^ftr^m^ 
2. 5^Km^ 6. 2QCDSJgtSTiS^^1f 5<fcl^-o 

( 5 0 ^ 'BLnmwmwmm\^^m^ 20 

[0 110] ^-r. ll2^mTto;CP-SJ:5^. fiffig^ 

Mtcit#^^^^{c*f-r^^^ll§9^^5^^i(7:) 

[0 111] ^6cc, ns^c^ji^r^^cDs o%sm1?• 
-<i>Jl'§^^^m^<!:. m7fecD5 0%§ait-<^;USSt^3:^t?? 30 

(o^m^^ xi^m^ip 6 r * -s, 

[0 1 1 2] L;&ity. S3tcfeCir^tt6<0?;]M^Si;t:^ 40 

g[30^f# ^ n l > C i 75^ t>3;):^ ^ , 

[0 113] JSi±cr»C<h;0>6. x^;U=t^^^ 



^t^: 1 0 %]>XL^ 0 %jyT. $f ^ U < 2 0 %JW±8 0 

[Oil A] mm\2 

[ 0 1 1 5 ] His : ^^t;:^:^jvm^fmmBm (mm 
[0116] ( 1 ) ^^m^mmm^z . ^^n^&^^sjs^ 

3 

brnmrn^bfc^. 1 20 0-1 40 o'csr^ai/. 
[0 117] (2) ^^m6m^m^4 
bmmm^Lfc^k. 1200'c^r^aL, mr^^jo: 
[0118] ( 3 ) ^^m^mmm^B . ^mib^mm^ 

6 

nycmi^ttijiO. 6--0. 8CDffiH7^>^63i^/d:E?St* 

/Co commmmw^imb. mmm^wt^, ass 00 
rrsB^^ffij^i^/cfa. 1 1 0 0-1 2 0 o-csr^a 

[0 119] (4) ^^m&mmm^i 
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1 . iyS«9* 2 SO'^^l^S^IS* 2 ~l^mJSg?m^ 
7© (0 0 2) ffi©ffiMPg, (0 0 2) m<DCWj\^(D 

[ 0 1 2 0 ] s-r, ±i2mss*9*A. mmmMB i^m 
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Mwsm. ^mm^wim-r?>t 1 1 team* -:/c!>spfi 
3 vo^fiSfwSf^^fii 1 . 5 vomfis-ccDSjcm 

{0121] ' 





»8>J 




C002)MiDCtt:>jlfi] 
(nm) 


(R/cm3> 


(mAh/fi) 


o,3V/i.5V§:iSJt 






0.335 


38.1 


2.29 


320 


0.85 






0.336 


25.4 


2.23 


340 


0.97 






0.355 


2.53 


1.97 


221 


0.48 






0.354 


2.90 


2.04 


260 


0.49 






0.352 


1.94 


1.99 




0.58 






0.3S1 


1J8 


1.54 


290 


0.62 






0.381 


1.16 


1.54 


320 


0.64 






0.381 


1.00 


1.50 


350 


0.73 



[0 12 2] ifcjc. ±f3s^*A. m^n^^tn^ 

mint br#N?jcmflf?enycs?te {'m.m2 - 1 ~M?fe2 
- 1 oisi.^im^2 - 1 ■^tmmm2 - 3 ) > 



»s [ 0 1 2 3 ] -e or. =1 -f >Moiifi6?rfflt». 

fit, mmm^mm^. rn^^t&t 
^xmsiCTji-^, 

[0 12 4] 
[^3] 























CWh) 


(mV) 


®jfe2*l 






BOm&& : 20MSg& 


4.84 


72 








50£fi]gII : 50MSS^ 


4.58 


85 








70MS^ : SOMSg? 


4,42 


60 








90SS^: 10MS6$ 


4.24 


50 


®ife2-5 






SOmSi^ : 50Mftg? 


4.33 


61 


«te2-6 






sosag? : SO^Sgp 


4.58 


63 


S}fe2-7 






50mS^ : 50SS^ 


4.63 


66 


mjfe2-8 






SOMfigS : SOUSg? 


4.43 


64 








SOSa^? : SOESd? 


4.35 


62 








SOSJI^P : SOMfigP 


4.56 


56 


itRS7fe2-i 








6.01 


85 


it|ftS?fe2-2 






oms^ : looMsap 


4.14 


45 










5.02 


76 



[0125] P}fiM©«f6K:«, ±mmEEi4. 

2 V. mmm,mmx<omm. 1 A(D^x^mE^m^m 
ccj;5^m*2. bi^mn^Mk. m^o. 5 a. m± 

mSE2. 7 5V 0^#-C^^Scm*^f 5 i (r^ -:. tc^Wi 



50 



[0126] %W(.mv-^i'>mtW!mm<omm^m4 
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assp: sosfigp) « 0m6^m=in(Dmmi)imfj:i> 
s^cf". mmcDnmttimm^mi i o o %i Uct # 

[0 12 7] SI-. S4*M5i> IIJS«a*A<!:#MII& 
^l9*6®Jfc#f*«:A«SK:ffll,^yfcm?l& (mviiJ2 - 1 ~ 10 
^2-4) (J. S$8*&^A**a-CSi@K:fflC»fc®f6 

(j:hijiiri62 - 1 ) ictt^xn^m-^-i^A'imomn 
ts^^^e4^-cfteccffli,»/cm?i6 (J:b«^^?tfe2- 

[0128] cti^<o^mt. ^.^-rtii^mmm i ©ms 20 

[0 12 9] iJCtC. 05*^S<b. ®62-5-^fe2 

©^t^»?rffli,»r*ii5. ^oil^^fc|glc< Isidores 

[0 13 0] -r&tJ^, a2«Cjj^r»r^^m-a(Cj;o 

*4A©:g®Sa©8 0% (2 5 6mAh/g) J:>5/Jn3 
l»#iyfi-g|^^2 2 - 5 |y&if»*A 

%#3*T':a@tcMufci:bl^m2 - 1 «cj;b'^n«-y--f 5' 

[0131] cnic*J-b-C. WigS^mffifcj;^^^}^ 

§nfc:©ffi^fi**. isi^tcL-cffiij^3nfciiJSM*4A© 40 
:a®gs©8o%«jb©#^iii9K^t?f?4 (^f niseis 

5S3 -#M$S^^*7 ) *ffl(,>ytm2 - 6 ~®a2 
- 9 tt. J:b^^ylb2 - 1 tcib'^T-y--^ < 

lyeg^ww. -r^rto^. ^2(cs^-ro. 3v^-c©st 

^fi©i. 5 vs-c©fiic'Sgs«:*f-rsit*JO. 5W 

*7) *«l,>/£:m?tfe2 -7-mri2-9. 36K:0. 3 
v*r©a^fi© 1 . 5 V st?©&^s«:*frsj:b 

*5o. 5JWj;-c*o-c> ^mfsmmicji:':,xm%tn so 
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?ga©9 0?^(288mAh/g) tt_t:©#i^S0?^** 
*4 (#llifi^l&*5~^^l|IS^SI&*7) *ffit,^/c^ 
?t!j2-8. ®fe2-9«. i^'^icm.nfc^'i i^iV^^ 

[0132] C©£: <»:*>e,. -y--/ i'JUlftStCMtlfc^jte 

©TW^c<, ffll»S^Niy9g^Mf4©a@§JS. Sim* 
-:?'©2F*i'Hfe<fe#^rSC UC^C i*st)*>S. 

[0133] S6=&BSi. «?fe2 - 1 ow. 

5 osssn : 5 om.mMt£i>m-^-cm'^[^fc^w^m 

<!:|5lgS«:.^«:-!f i^)\y^ifinhriX{.>^. 
[0 134] C©Ci*>6. ||$SiLT», 55^Siy8-C 

;i'#tt«iMi$SpS3^tt*4©a«fc «fl<#-r -sAsnis© 

[0135] ggiSt^3 

ofc. 3 6{c. ^mmmm.'k&m^it^^xm^mmo) 
[0136] :^^mxm<>>fcit:ffw<Dim-mi&.r 

[0 137] (1) it^Wi 

m^mnm^ 1 t^M^m^mmn^ 1 * e 4 ^asii 

^tb^-Cil^-r -S C i TiSlSS! L Tt, 
[0 138] (2)^fci?»:2 

•yjvy y})\,r)vzi-)\y\ 0 ofiaas. jiias 5%©'j > 

KO. 0MSI5*a^L/-C:^t§^^M% 

•^fSi-c 5 nmtm h X , ite«9tt*wr ss^f* < 7 ;w 

H-^-ii-r fc jsa L.fc*R0>'*SJtSJ3: T ;i' a - ;H3:*S^. 
[0139] ^fiX3nte7^i/-7 yjurji'=i-;MMflii 0 
iff69*i eaasp^r^jjnL, c<o*>%ioo s^wsst.L> 
miiSi*. ass oo"c-c5B#r^^-fbu. 3 6{caa[i 1 

0 0 'CS xm^L bX 1 B$ffl|^a-r -SC<tt?i|«j35g© 

[0140] c(Dm^mmmmc-oi.>x. m^xmmm 
ffitc-cwstxs (002) M©iijf f-i'^^grr a 
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[0 14 1] (3)^?¥i*3 

tab. a«^4>. Sg5 0 0-C-C5B#Fap?ftL/. 3P) 

tcss 1 1 0 0 -cs L.r 1 B^rai^jaat -s ct-v 

(4)^^t:4 

^=^* 1 omm.%mMb. asi o o'cfi^-cto^ufc. 

[0 14 3] CC!)*#^{c-:?l,J-r. m^ximtfx 

mcxmm^fiii (002) M®iij)Tf-i7^:s>i§t-rs 

[0144] Sfc. 3|s:||^f!|-cfflC»/t#^7KmSI®*t(T 

[0 145] {A)itimms.\ 

ECiDEC*. EC : DEC = 1 : UGtSgSit^il 
^L. CCDil-^^aJfCL i PFs *lmo 1 / 1 J^r-StS 
sr^^-r -2. C i t?i)gS( L fc. 
[0 14 6] (5) ^^*^S?^2 
ECiMEC^r. EC : MEC = 1 : 1 JiSSStbrig 
CCDig-^^tCL i PFs 41 mo l/l^SrSig* 
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[0 14 7] (6) iY7i(MmW.3 
EC, MECSO'DMC€, EC :MEC : DMC = 
5:3: 2 :fj:SSSJ:b-Cti^O, CODtS^^iEfCL i P 

[0148] ctih^^#. ^^7i(.m.mm^mi,^xm^m 
1 icmcxFimm^^mmmzi'Xfm. (.mms- 1 ~m 

10 fi??S«:^4tC^-r. 
[0149] 
[«4] 
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Saks - 1 




*7KIIS¥iBt 1 








mite 3 - 3 




#^7K%»i?% 1 














^jftS - 6 




mmmm 3 
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[0150] ^ur. -PPfiS^n/cmtifeCCOlir. 

ra^fl.^ 6. 2QQ)^mKT^mm^n^ti.^'ofc^m 
t^V]mnM<Dbo%(x:^visr'r^^^^ji^ (5 0% 

mmmm'fm^m^mmmcommmt^m^fto 50% 

[0151] 
[«5] 







(HI) 


asfes- 1 


82 


524 


m5fe3-2 


81 


541 


«jte3-3 


80 


550 


Sjft3-4 


80 


538 


SJi3-5 


69 


590 




66 


607 



[0 1 5 2 ] ^5*>iE>> MiSIS^i^JISS'fbti^m^ 

3 - 6 w. m^m 1 icisi^^xmso^^-kmunt bx 
ffli^/cJs^ (m53:03*#»sL/cis^. 5 o%sa-y- 
'fi'-il>SJ!tt*«36 OiHit?**) {cit'^-ci-»-rn*>5 0%^ 
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[0153] c(Dc^ipib. ^mmfmzL-AmMicis\,> 
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CO 1 5 4} s/c. jS3it^^«afsa4Jt*s-rst®j6 
3 - 1 ictt^xmk 3 - 5 . mm3-6 (o-fotfimm^ 

•rS»2<D^»n^iL--C«. DEC j;0 fcMEC-MvI 
EC-DMC©zg^^Jg*3SfSl.C»Ci*Jt>s{PS. lo 
[0 15 5] 

-mmnt h-cm^t^^ 

m@*sf§?,n, ^-O'lvm^Si, mm&L 

{m 1 ] *^Hi?&5Sfflf 5^^7Kms?^-;xm?fe€>-«fi£ 20 
[132] *?¥^*4lcD*^^^m®«!l^^. :a®ttisf 
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* [0 31 ^^#^tf3CD^^|iaft^Miief®»I^<i!:. 5 0%^ 

[04] ^iH¥f**©^NMIfli^M*4®fll^3iiSfj:5^tffe 

[05] ^NIIifi^t*sisf©SSg*5MJ5:-2>^?t6©. 

i'Jl-t&<t^a:i:t©55»?:7S-r#a0-C*S„ 
[06] AJillSS=&fl|l/»/cm?t&©. ^iSSmtJ-'Ti'^HI^i 
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[0 124] 
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4.33 


61 










4.58 
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4.63 


66 
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4,35 
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SJfe2-10 
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ni^e^A 






5.01 


85 


ttiRa?ft2-2 
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4.14 


45 
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